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用計算式] と [引張專用計算式] に加えて，もう一つの計算式として，両方の現象を同一の
目線で対比・分析できるような, [ (曲げ)と(引張) に共通型の実用的な計算式] を準備する
ことが，重要な課題の一つと考えて，データーの集積を続けた． 
 
(1985 - 2002)  : 教育・研究・管理の業務 ( p.96 , 97 : 関連論文の例) 
集積したデーターの整理と解析を行って，結果を国内および国外の関連機関に発表した． 
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件から出てくる２元連立方程式を解いて，　 の計算式が確定する．
　   ) および 参照
(b) 上記により求めた　　 計算式は，各変数のすべての条件範囲で適用できる．













　　この図では， ：0 　と　 ： に分けた． は　 の目盛をbaseにした
　　考え方で に接続したものである．
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てくる２元連立方程式を解いて，　 の計算式が確定する．
　   ) および 参照
(b) 上記により求めた　　 計算式は，各変数のすべての条件範囲で適用できる．









fig .19 - 2考えられると思うのであるが，本書では一案として， に示す目盛
　　を部分的に使用してみた．
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　　考え方で に接続したものである．
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m3β m1β m3 m1β m3
m3β m1β m3 m1β m3
m1β
. (44 - 2)
ⅱ
y y y
x x x y x








1 m 1 m 1
( )
1 m 1 m 1
( )
1 m m 1
) 1 ) ( / ) (1 / ) cos
(P ) (2 1 ) (2 1) 1 ) (1 / ) cos
(P ) (2 1 ) (2 1) 1 ) ( / ) (1 / ) sin
(P ) ( 2 ) (2 1) 1 ) (1 / ) sin
b a
C k k
D k k b a
D k k
  
   





      

          
           
















( ) ( ) ( ) ( ) ( )   26 - ( )  
    :   [ ]       -  
 ( ) :   [ , ]     -
) :   [ , ] -  












   




M m3 m3 m3 m3 M
M M
m
M T M T
M T M T
(44 - 3)
c c (44 - 4)
 (d) 28 (c) (40 - 5)
28 (d) (40 - 6)
 (f 28 (e) (40



















      +   -






                  m 3 R1
           [m 3]                     m 3 R2













































24  25 ,p.
1 1 1 1







 (P )   (P ) (P ) (P )
 (P ) (P ) (P )









   
   
     
 





[2 - 3]  [ m3  t3 ]
(2.3.1)     
t t
a
[ t3β ] 
　 異種材-複合平板に関連する共通計算式
x y x y
x x x y y
y
i ,  i u , u
( ) ( ) ( ) ( )
( ) ( )
1 1
( ) ( ) ( ) ( )
( ) ( ) ( ) ( ) ( )
1 1 1
( ) ( ) ( )
1 1
    
(P ) (P )
( )    ;   
(P ) (P ) (P )
(P ) (P )
  ( )    
D D











   
  
t3β t3β
T t3β t3β t3β t3β
t3β t1β t3 t1β t3
t3β t1β t3
. (45 - 1)
t t
b  ,  , 
ⅰ
x x y y
x y x y
x x x y x




( ) ( )
1
( ) ( ) ( ) ( ) ( )
1 1 1





    
(P ) (P ) (P )
(P ) (P ) (P )
(P ) ( 2 ) (2 1) 1 ) ( / ) (1
  ( )   
D D D
D D D





    
 
     
        
t1β t3
t3β t1β t3 t1β t3
t3β t1β t3 t1β t3
t1β
t t




x x x y x














(P ) (2 1 ) (2 1) 1 ) (1 / ) cos
    
(P ) (2 1 ) (2 1) 1 ) ( / ) (1 / ) sin
(P ) ( 2 ) (2 1) 1 ) (1 / ) sin
C k k
D k k b a
D k k
 
   







           
 
             


















( ) ( ) ( ) ( ) ( )   26 - ( )      
     :   [ ]         -      
 ( )  :   [ , ]      -    
 :   [ , ] 




   




T m3 m3 m3 m3 M
T T
t
M T M T
M T
(45 - 3)
c c . (45 - 4)
 (d) 29 (c) . (45 - 5)
29 (d) . (45 - 7)
( f )




e p. e q














      +   -






                   3 R1
           [  3]                      3 R2









[ ]R1  
x




















 46 （ plate – 4 ）: 
 
  
1 1 1 1
( ) ( )
1 1
( ) ( )
1 1 1
 (P ) (P ) (P ) (P )
12
(P ) (P ) (P )
    
12
(P ) (P ) (P )
a
C m C m
E h
a
D m D m
E h
      
 
      
 
 
      
 











x y x y
x x x y y
y x x y y
i , i u , u
i
i
( ) ( ) ( ) ( )
( )
( )




                        
                                                                 











 (b)      { m3 } [ m2 ] (m3β )





   
   
   
( ) ( )
1 1
( ) ( ) ( )
1 1 1
( ) ( ) ( )
1 1 1
)    (P )      (P )
      
(P )    (P )      (P )
(P )    (P )      (P )







     
     







. (46 - 2)







  ( ) :   [ , ]     -     





M T M T
M T M T
. (46 - 3)
d 26 (d) . (46 - 4)


















      +   -
      
-






[m 2]                          [m 
   
3β]
               
           [m 3]                     m 3 R2



































 47 （ plate – 4 ）: 
 
  
1 1 1 1
( ) ( )
1 1
( ) ( )
1 1 1
   (P ) (P ) (P ) (P )
12
(P ) (P ) (P )
   
12
(P ) (P ) (P )
a
C m C m
E h
a
D m D m
E h
   
   
       
 
 
      
 







(2.3.2)    
 (a)
 [ t 3 ]
 
x y x y
x x x y y
y x x y y
i , i u , u
i
i
( ) ( ) ( ) ( )
( )
( )
 ( ) ( )1 1
   
                  
                                   
                                                     







. (47 - 1)
 (b)      { m3 } [ m2 ] (m3β )





   
   
   
( )
1
( ) ( ) ( )
1 1 1
( ) ( ) ( )
1 1 1
( ) ( ) ( )
1 1 1
(P )
(P )    (P )      (P )
      
(P )    (P )      (P )
(P )    (P )      (P )







   
  
 
    
 














    -
 
  ( ) :   [ , ]     -







M T M T
M T M T
27 (c)
d 27 (d)

















      +   -
      
-






[  2]                          [
                  
           [  3]                      3 R2








[ ]R1  
x









































   
   


   
m1 m1 t1 t1
2 2 2 2
2 2 2









(2.3.4)   [ m1 ]   
 (a)
R2     , )
　一様連続平板の場合 : [R1]:(E , , ）（R1):(E , , ）
 
複合平板 内部板( )の一般式
x y x yi , i u , u
( ) ( ) ( ) ( )
  : 
1)
             
12
(P ) ( )
(P ) (P )
( )       

































m1 m12 2 2
2 2
M T
m1 m12 2 2
2 2
. (48 - 1)
. (48 - 2)



















      +   








                  m 3 R1
           [m 3]                     
































































R2T R2 m1 m1
2 2
2 2 2






 (2.3.4)   [ m1 ]     
 (a)
[ t1 ]  
R2     , )
　一様連続平板の場合 : [R1]:(E , , ）（R2):(E , , ）
 
複合平板 内部板( )の一般式
x yx y u ,i  ui , 
( ) ( ( ) ( ))
  : 
( 1)
)
             
(P ) ( )
(P ) (P )
( )         





































t1 t12 2 2
2 2
M T
t1 t12 2 2
2 2
. (49 - 1)
b . (49 - 2)



















      +   
      
-






                   3 R1
           [  3]                     










[ ]R1  
x




















 50 （ plate – 4 ）: 
  
1 1 1 1





 (P )   (P ) (P ) (P )
12
 (P ) (P ) (P )









    
   
     
 





(2.4 [ m.1)  [ t4β ]    
a
4β ]
[ 2 - 4 ] 　
　
境界縁 -固定平板に関連する共通計算式
x y x y
x x x y y
y
i ,  i u , u
( ) ( ) ( ) ( )
( ) ( )
1 13
1 1
( ) ( ) ( ) ( ) ( )
1 1 1
( ) ( ) ( ) ( ) ( )
1 1 1
( ) ( )
1 1
      
(P ) (P )
(P ) (P ) (P )
(P ) (P ) (P )
  ( )   
(P ) (P )









      
 
   
   
 
m4β m4β
m4β m1β m4 m1β m4
m4β m1β m4 m1β m4
M
m4β m1β
. (50 - 1)
b.1
x x y y
x x x y x






( ) ( ) ( )
1
( ) ( ) ( ) ( ) ( )
1 1 1
( ) ( ) ( ) ( )
1 1 1 1
( )
      
(P )
(P ) (P ) (P )
      ( )   (P ) (P ) (P ), (P )
      ( )  
D
D D D













m4β m1β m4 m1β m4
m1β m1 β m1 β m1 β
m4
. (50 - 2)
. (38 - 2), ,ⅰ
ⅱ
x y x
y x y y y










26 - ( )  
(2 1) 1 )2 ( ) cos
 ( ) ( ) 1 1
2 (4 1 )
(2 1(2 1)
 ( ) + 
  ( )    
p q q
b kk b a b
C P






    
   
       
        
      
  
 





c . (16 - 2) - [m4]
 
b.2














) 1 ) ( ) cos
 1
2 (4 1 )
(2 1) 1 )(2 1) ( ) sin
  ( )  1
2 (4 1 )
(2 1) 1 )(2 ) (
  ( ) ( ) 1
a b
a a k
b kb k a b
D P
a a a k








    
    
     
         
       
    
      

































   
   
       














      +   -






                  m 4 R1
           [m 4]                     m 4 R2




































[ 2 - 4 ]













      +   -






                   4 R1
           [  4]                      4 R2








[ ]R1  
x




















1 1 1 1






 (P )   (P ) (P ) (P )
 (P ) (P ) (P )








    
   
     
 
 










[ 2 - 4 ] 　
　 x y x y
x x x y
y
i ,  i u , u
( ) ( ) ( ) ( )
境界縁 -固定平板に関連する共通計算式
( ) ( )
1 1
( ) ( ) ( ) ( ) ( )
1 1 1
( ) ( ) ( ) ( ) ( )
1 1 1
( ) ( ) ( )
1 1
      
(P ) (P )
(P ) (P ) (P )
(P ) (P ) (P )
  ( )   









     
 
   




t4β t1β t4 t1β t4
t4β t1β t4 t1β t4
T
t4β t1β t4




x x x y x






( ) ( )
1
( ) ( ) ( ) ( ) ( )
1 1 1
( ) ( ) ( ) ( )
1 1 1 1
( )
           
(P )
(P ) (P ) (P )
      ( )   (P ) (P ) (P ), (P )
      ( )   
D
D D D













t4β t1β t4 t1β t4
t1β t1 β t1 β t1 β
t4
. (51 - 2)
. (39 - 2), ,
,
y x
y x y y y






ⅱ ( ) ( ) ( )
( 4β) 1
( 4β)
26 - ( )  - [t4]
2 (2 1) 1 ) ( ) cos
 ( ) ( ) 1 1
2 (4 1 )
(2 1) (2 1)
 ( ) + 
  ( )    
p q q
k b b k a b
C P
a a b k





    
   
       
        
      
   
 
t4 t4 t4 M






c . (17 - 2)
 
b.2












1 ) ( ) cos
 1
2 (4 1 )
(2 1) 1 )(2 1) ( ) sin
  ( )  1
2 (4 1 )
(2 1) 1 )(2 ) ( )
  ( ) ( ) 1
a b
a a k
b kb k a b
D P
a a a k








    
    
     
         
       
    
      

































   
   
       t
. (51 - 3)e q
[ 2 - 4 ]






















































      +   -
    
- - (









[m 2]                          [m 
  
4 β
             
           [m 4]                     m 4 R2





































1 1 1 1
( ) ( ) ( )
1 1 13
1 1
( ) ( ) ( )
1 1 13
1 1
 (P )   (P ) (P ) (P )
12
 (P ) (P ) (P )
 ( )    
12
 (P ) (P ) (P )
a
i C m C m
E h
a
i D m D m
E h
    
   
      
 
     
 




(2.4.1)  [ t4 ]    4 ]  m  
a
[ 　 x y x y
x x x y y
y x x y y
i ,  i u , u
( ) ( ) ( ) ( )
( ) ( ) ( )
1 1 1
( ) ( ) ( )
1 1 1
( ) ( )
1 1
(
      
(P ) (P ) (P )
  ( )         
(P ) (P ) (P )
      ( )   (P ) (P )





















. (52 - 1)
b.1 . (52 - 2)












(P )   (P )  
  ( )    )
( ) (2 1) 1 )cos cos
( )                  
2 (4 1 )
cos
( ) ( )   















       
    
   
 









. (50 - 1 &  3)
 















( ) (2 1) 1 ) cos
  
2 (4 1 )
( ) (2 1) 1 )sin sin
( ) ( )
2 (4 1 )
( ) (2 1) 1 )sin




b a b ky b
D P
a a a k
a b ky b
D P








    
 
  
       
       
   
      

































   
. (52 - 3)　e q



















































      +   -
      
-





  4 R1
[  2]                          [
                 
           [  4]              
 
        4 R2







[ ]R1  
x




















1 1 1 1
( ) ( ) ( )
1 1 13
1 1
( ) ( ) ( )
1 1 13
1 1
 (P )   (P ) (P ) (P )
 (P ) (P ) (P )
 ( )    







    
   
        


     
 







(2.4.1)  [ m4 ]    
t




　 x y x y
x x x y
y x x y
i ,  i u , u
( ) ( ) ( ) ( )
( ) ( ) ( )
1 1 1
( ) ( ) ( )
1 1 1
( ) ( )
1 1
( )
      
(P ) (P ) (P )
  ( )         
(P ) (P ) (P )
      ( )   (P ) (P )





















. (53 - 1)
b.1 . (53 - 2)








ⅱ ( )1 1
( 4) 1
( 4)9
P )   (P )  
  ( )    )
( ) (2 1) 1 )cos cos
( )                  
2 (4 1 )
(cos
( ) ( )     















       
    
   
 










. (51 - 1 &  3)
 












) (2 1) 1 ) cos
2 (4 1 )
( ) (2 1) 1 )sin sin
( ) ( )
2 (4 1 )
( ) (2 1) 1 )sin




b a b ky b
D P
a a a k
a b ky b
D P








    

  
       
       
   
      
    




































. (53 - 3)　e q




























































                                                                       
            
          [m 4]            
  m 4 R1
[m 2]                          [m 4 β
         
     ] 
,x y



















































- - ( , )2 2fig .(54 2)   m4 x y

1 1 1




 - P  (P )   (P ) (P ) (P )
                      P   P  (  ) 
12
 (P ) (P ) (P )





i C m C m
E h
i
    
   

     
 
m4 m4 t4 t4
0 0










x y x y
x x x y y
y
i ,  i u , u
( ) ( ) ( ) ( )
 
( ) ( )
3
1 1
      
12
(P ) (P ) (P )
)   P (  ) P (  )
cos
 (  ) 1 
            ( 1) 0 ( 1) 0  ;  
cos   sin
a
D m D m
E h



















     
   
m4 m4
0 0 0




. (54 - 1)
   









( ) ( )




      
sin
0
(P ) (P )
)     






















m4 m4 m4 m4
1 1 1 1
. (54 - 2)







x y x y
e q
e qⅱ
( ) ( ) ( ) ( )(P ) (P ) (P ) (P ) 0       C C D D    
 
m4 m4 m4 m4
0 0 0 0  . (54 - 3)x y x y e q
  (P ) 0   (P ) 0         
 2
m4 m4
2              . (54 - 6)x yi ,  i eq
( ) ( )
[2 - 4]
-  - PP 2
T
2   (2.4.4)  [ [ m  t4  4 ] ]   　









































( ) ( ) ( )
1
( )
- P  (P )   (P ) (P ) (P )
                  P   P  (  ) 
 (P ) (P ) (P )














    
   

     
 

m4 m4 t4 t4
0 0
0 0 0 0
t4 t4 t4





(2.4.3)  [ m4 ]     
t t
a
[ t4  ]　
,
x y x y
x x x y
y
i ,  i u , u
( ) ( ) ( ) ( )
 
( ) ( )
1
(  
      
(P ) (P )
)   P (  ) P (  )
cos
 (  ) 1 
            ( 1) 0 ( 1) 0  ;  























     









. (55 - 1)
t t
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sin
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t4 t4 t4 t4
1 1 1 1
T t4
. (55 - 2)
     ( . (53 - 1  &  2)









( ) ( ) ( )P ) (P ) (P ) (P ) 0       C D D    
 
t4 t4 t4
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 [ ]
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  t 4 R1
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- - ( , )2 2fig .(55 2)   t 4 x y

[2 - 4]
     (P ) 0   (P ) 0         
 
m4 m4
2 2 . (55 - 6)x yu ,  u eq
( ) ( )
-  - PP T 2 2   [ t4(2.4.4)   [  ]4 ]  m  　

























  ) )
3  
                                                     
       
-
p p q q p p q q
 
 
   
   

(m3) (m3) (m3) (m3) (t3) (t3) (t3) (t3)
x y x y x y x y
 3
  [ - 1]
1
( (第  章 
 全体の内容説明 　  
（ ） , , , , , ,
　　
変位関連の数値計算図　       計算図x y x y, ,i  i u  u
 ( ) ( )                  ( ) ( )f i g . 20 - 1 & 2   ,  f i g . 22 - 1 & 2 f i g . 21 - 1 & 2   ,  f i g . 23 - 1 & 2　










[ ]R1  
( )R2




[ ]R1  
t x ( )R2
-mode t3
( )R2[ ]R1  
t x
(t3)x xp t


















[ ]R1  








[ ]R1  
( )R2
[ ]R1  
z
[3 -1]





    
 
         (0 )   vs.  G  & /  }          (0 )   vs.  G  & /  }
        ( ) ( )              ( )
mb b a b b a

      t
  [3 - 1]
(2) [3 - 2]
f i g . 58 - 1 ,2   ,  f i g . 60 - 1  3 f i g . 59 - 1  2   , ～
 続き
　   境界線上 および　その関連       
, { , { 
,
y yi u
    
( )
 
      
         ( 0)   vs.  G  & /  }            ( 0)   vs.  G  & /  }
        ( )                                              ( ) ) 
   
ma b a a b a     t
 f i g . 61 - 1  3  
f i g . 62 - 1 ,2 f i g . 63 - 1  2   
～




( ) vs. G ( ) vs. G
     : / = 0.5       :  /  = 0.5
( ) vs. G ( ) vs. G
0 0
      ( ) , ( ) ,  ( )      ( ) 
m
m
x y x y
b a b a
x y x y
   
      
         
      
   
0 0 0 0 t
0 0 0 0 t
f i g . 64 - 1 ,2 66 - 1 4 68 - 1 f i g . 65 - 1 ,2～
,  ,  
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( ) vs. / ( ) vs. /
        :  =0                :    = 0
( ) vs. / ( ) vs. /
        ( - )                              
x y b a x y b a
x y b a x y b a
   
      
   
0 0 0 0
t
0 0 0 0
67 - 1 4 69 - 1 











   
             ( )
 
1  1
    (  0)  vs. G  :  /  = 0.5           ( ) vs. G  :  /  = 0.5 
 0  0
  ( ) , ( , ) ( )
mx b a x b a

   
   
   
   
   
t
f i g . 71 - 1 4
 (3)  [3 - 3]
f ig . 72 -1 ,2 74 -1 2 76 -1,2 
～
 x 軸上 および その関連       
    
,  ,0  
,
x xi u
           ( ) , ( , )  ( ) 
                  
f i g . 73 - 1 ,2 75 - 1 2 77 - 1,2 ,
　























[ m 3 ] D y ( 0, b )
0   0.5   1     2     






-0.5 0 0.5 1
→  b / a
G m = 0    [ m 2 ]
G m = 0.01
G m = 0.1
G m = 0.5
G m = 1   [ m 1 ]
G m = 5
G m = ∞  [ m 4 ]
[3 -1]
( )f i g . 58-1
( ) ( )f i g . 58- 2 f ig . 62- 2













E , , h
2 2 2




   mG
[ - 2









(0, ) (0, ) (0, )






b D b m D b m
E h a a
b b
D b D b
G a G a
i
q pq p 

 
      
 
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[ t 3 ] D y (0,b)
0   0.5   1     2     










-0.5 0 0.5 1
→  b / a
G t = 0    [ t 2 ]
G t = 0.01
G t = 0.1
G t = 0.5
G t = 1   [ t 1 ]
G t = 5
G t = ∞  [ t 4 ]
[3 - 2]
( )f i g . 59-1
( ) ( )f i g . 59- 2 f ig . 61- 2
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(0, ) (0, ) (0, )
(0, )   ,      
x yy
a b b
b D b D b
E h a a
b b
D b D
G a G a
u
q pq p 

 
      
 
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 60 （ plate – 4 ）: 






0 0.2 0.4 0.6 0.8 1
  →  b / a
G m = 0
G m = 0.1
G m = 0.3
G m = 1
G m = 10
G m = ∞





-0.2 0 0.2 0.4 0.6 0.8 1
→  b / a
G m = 0
G m = 0.01
G m = 0.1
G m = 0.5
G m = 1
G m = 5























































(0, ) (0, ) (0, )






b D b m D b m
E h a a
b b
D b D b
G a G a
i
q pq p 

 
      
 
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E , , h
2 2 2




yD ( 0 , b )
  
[3 - 2]
( )f i g . 60-1









 61 （ plate – 4 ）: 






0 0.2 0.4 0.6 0.8 1
→  b / a
G p = ∞
G p = 10
G p = 2
G p = 1
G p = 0.5
G p = 0.1
G p = 0







-0.2 0 0.2 0.4 0.6 0.8 1
→  b / a
G p = 0
G p = 0.001
G p = 0.1
G p = 0.5
G p = 1
G p = 2
G p = 10









































 (0, ) (0, ) (0, )







u b D b D b
E
D b D a
G G
q pq p 
    
 
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yD ( 0, b )
  
[3 - 2]
( )f i g . 61-1







 62 （ plate – 4 ）: 





-0.2 0 0.2 0.4 0.6 0.8 1
→  b / a
G m = 0
G m = 0.1
G m = 0.5
G m = 1
G m = 2
G m = 10
G m = 1000
G m = ∞





-0.2 0 0.2 0.4 0.6 0.8 1
→  b / a
G m = ∞
G m = 1000
G m = 10
G m = 5
G m = 1




-0.2 0 0.2 0.4 0.6 0.8 1
→ 　b / a
G m = 0
G m = 0.001
G m = 0.1
G m = 0.5


















































   1 2 , 





( ,0) ( ,0) ( ,0)




i a C a m C a m
E h
p qp q
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G G
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y
C (a,0)
   
[3 - 2]
( )f ig . 62 - 2









 63 （ plate – 4 ）: 






-0.2 0 0.2 0.4 0.6 0.8 1
→  b / a
G p = 0
G p = 0.3
G p = 0.5
G p = 1
G p = 2
G p = 10
G p = 1000
G p = ∞





-0.2 0 0.2 0.4 0.6 0.8 1
→  b / a
G p = ∞
G p = 1000
G p = 10
G p = 2
G p = 1





-0.2 0 0.2 0.4 0.6 0.8 1
→  b / a
G p = 1
G p = 0.5
G p = 0.3
G p = 0.1
G p = 0.01
G p = 0.001
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x
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22
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   2 1 2
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 , 
yC ( a, 0 )

yC ( a, 0 )

[3 - 2]
( )f i g . 63-1
( )f i g . 63- 2
( )f i g . 63- 3








 64 （ plate – 4 ）: 
  b / a  =  1
  ( x 0 , y 0 )




-1 -0.5 0 0.5 1
→　x 0 / a
D x
↑
G m = 0
G m = 0.1
G m = 0.5
G m = 1
G m = 2
G m = 50
G m = ∞
  b / a  =  1
  ( x 0 , y 0 )







-1 -0.5 0 0.5 1
→  x 0 / a
D y
 ↑
G m = 0
G m = 0.1
G m = 0.5
G m = 1
G m = 2
G m = 10
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x y C x y m C x y m




     
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
      
(m3) (m3) (m3)
x 0 0 x y
(m3) (m3) (m3)









w (x , y )
2 2 2











   1 2
[3 - 2]
( )f i g . 64-1









 65 （ plate – 4 ）: 
 b / a = 1
 ( x 0 , y 0 )





-1 -0.5 0 0.5 1
→　　x 0 / a
D x
↑
G p = ∞
G p = 2
G p = 1
G p = 0.5
G p = 0
 b / a = 1
 ( x 0 , y 0 )







-1 -0.5 0 0.5 1
→  x 0 / a
D y
↑
G p = 0
G p = 0.5
G p = 1
G p = 2








































x 0 0u (x ,y )






2 2E , h 2,
y 0 0u (x ,y )
0 0 0 0 0 0
1





(1)  ( , ) ( , ) ( , )





u x y C x y C x y
hE
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      


















   2 1 2
1
[3 - 2]
( )f i g . 65-1







 66 （ plate – 4 ）: 






-0.5 0 0.5 1 1.5
→  C x




















































i x y C m C m
E h
a
i x y D m D m
E h

     
 
















   1 2







→  C y
y 0 / a
 ↑
 G m = 0
 G m = 0.5
 G m = 1
 G m = 2








w (x , y )
2 2 2











-1 -0.5 0 0.5 1
→  x 0 / a
D x
↑
 G m = 0
 G m = 0.1
 G m = 0.5
 G m = 1
 G m = 2
 G m = 20
 G m = ∞






-1 -0.5 0 0.5 1
→  x 0 / a
D y
↑
 G m = 0
 G m = 0.5
 G m = 1
 G m = 2
 G m = ∞
[3 - 2]
( )f i g . 66-1 ( )f i g . 66- 2
( )f i g . 66- 4( )f i g . 66- 3
( )
  











 67 （ plate – 4 ）: 
 b / a = 0.5
 ( x 0 , y 0 )






-1 -0.5 0 0.5 1
→  x 0 / a
D x
↑
 G p = ∞
 G p = 2
 G p = 1
 G p = 0.5
 G p = 0
 b / a = 0.5
 ( x 0 , y 0 )






-1 -0.5 0 0.5 1
→  x 0 / a
D y
↑  G p = 0
 G p = 0.5
 G p = 1
 G p = 2
 G p = ∞
 b / a = 0.5






-1 0 1 2 3
→  C x
y 0 / a
↑
 G p = 0
 G p = 0.5
 G p = 1
 G p = 2
 G p = ∞
 b / a = 0.5






-1.5 -1 -0.5 0
→  C y
y 0 / a
↑
 G p = 0
 G p = 0.5
 G p = 1
 G p = 2
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u x y C x y C x y
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( )f i g . 67 - 2
( )f i g . 67 - 3
( )f i g . 67 -1







 68 （ plate – 4 ）: 
b / a = 0





-1 -0.5 0 0.5 1
→  x 0 / a
D y
↑
 G m = 0












































0 0 / 0 / 0











b a b a














    



















































 69 （ plate – 4 ）: 
b / a = 0





-1 -0.5 0 0.5 1
→　x 0 / a
D y
 ↑
 G p = 0














































































( )f i g . 69-1
1
1
0 0 / 0 / 0









b a b a














    



































 70 （ plate – 4 ）: 
G m = 0  ( hole )







→  C y
y 0 / a
↑
 b / a  = 1
 b / a  =  0.5
 b / a  =  0
G = 0 ( hole )






-1 -0.5 0 0.5 1
→　x 0 / a
D x
 ↑
 b / a  = 1
 b / a  =  0.5
 b / a  =  0
G m  =  0  ( hole )






-1 -0.5 0 0.5 1
→  x 0 / a
D y
↑
 b / a  = 1
 b / a  =  0.5
 b / a  =  0
G m = 0  ( hole )






0 0.5 1 1.5 2
→  C x
y 0 / a
↑  b / a  = 1
 b / a  =  0.5







































0(2 1) (      / )xD n y a   
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x y C x y m C x y m

















( )f i g . 70-1 ( )f i g . 70- 2
( )f i g . 70- 3
( )f i g . 70- 4









 71 （ plate – 4 ）: 
 G p = 0 ( hole )








y 0 / a
↑ b / a = 1
b / a = 0.5
b / a = 0
 G p = 0 ( hole )








y 0 / a
↑ b / a = 1
b / a = 0.5
b / a = 0
  G p = 0





-1 -0.5 0 0.5 1
→  x 0 / a
D x
↑
 b / a = 0
 b / a = 0.5
 b / a = 1
  G p = 0






-1 -0.5 0 0.5 1
→  x 0 / a
D y
↑
 b / a = 1
 b / a = 0.5


























































0 0 0 0 0 0
2)
0 0 0 0 0 0
0   mode - [ 2] 
( , ) ( , ) ( , )





x y C x y C x y























( )f i g . 71- 2
( )f i g . 71- 3 ( )f i g . 71- 4







 72 （ plate – 4 ）: 
 b / a = 1






0 1 2 3 4
→  x / a
C x
↑ G m = 0
G m = 0.1
G m = 1
G m = 10
G m = ∞
b / a = 1





0 1 2 3 4
→  x / a
C y
 ↑ G m = 0
G m = 0.1
G m = 1
G m = 10

















































( ,0) ( ,0) ( ,0)








i x C x m C x m
i x D x m D x m

    
 





























   1 2
( )f i g . 72-1









 73 （ plate – 4 ）: 
 b / a = 1






0 1 2 3 4 5
→   x / a
C x
↑ G p = 0
G p = 0.5
G p = 1
G p = 2
G p  =  ∞
 b / a = 1






0 1 2 3 4 5
→   x / a
C y
↑
G p = 0
G p = 0.5
G p = 1
G p = 2





















































[3 - 3 ]
2 1( ) / ( )pG E h E h 2 1
( )f i g . 73- 2




( ,0) ( ,0) ( ,0)






u x C x C x
u x D x D x

    
 
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 
(t3) (t3) (t3)
x x y y
1
(t3) (t3) (t3)












 74 （ plate – 4 ）: 
 b / a = 0.5






0 1 2 3 4
→  x / a
C x
 ↑ G m = 0
G m = 0.1
G m = 1
G m = 10
G m = ∞
b / a = 0.5





0 1 2 3 4
→  x / a
C y
 ↑ G m = 0
G m = 0.1
G m = 1
G m = 10











































/ 1 / 2




i x C x m C x m
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b /a 0.5 ym
ym
[3 - 3]
( )f i g . 74-1


















 75 （ plate – 4 ）: 
 b / a  =  0.5






0 1 2 3 4
→  x / a
C x
 ↑
G p = 0
G p = 0.5
G p = 1
G p = 2
G p = ∞
 b / a  =  0.5






0 1 2 3 4
→  x / a
C y
↑ G p = ∞
G p = 2
G p = 1
G p = 0.5










































( ,0) ( ,0) ( ,0)
b a
a
u x C x D x
E h

    
 
(t3) (t3) (t3)


















b / a  0.5
2
1




   2 1 2
1
[3 - 3]
( )f i g . 75-1







 76 （ plate – 4 ）: 
  b / a = 0






0 1 2 3 4
→  x / a
C x
 ↑
G m ≠ ∞
G m = ∞
b / a = 0





0 1 2 3 4
→  x / a
C y
↑ G m = ∞
0 < G m < ∞
















































w x C x m C x mi x 
















b / a 0
[3 - 3]









   1 2









 77 （ plate – 4 ）: 
  b / a = 0






0 1 2 3 4
→  x / a
C x
↑
G p ≠ ∞
G p = ∞
b / a = 0





0 1 2 3 4
→  x / a
C y
↑ G p = ∞
0 < G p < ∞































































   2 1 2
1
[3 - 3]
( )f i g . 77 -1
( )f i g . 77 - 2
( ) ( ) ( )
1
/ 0
( ,0) ( ,0)( ,0) a
E h
b a
C x C xu x

    
 
t 3 t 3 t 3
y
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(1 ) (2 1)
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4     
x y x yi i u u




       
            
   






 m   t 
[4 -1]  78 ,79
x yi x, y - j i x, y
p.









全般 : 第　章の内容        
( )
1
4 1 ) 1
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) (2 1)(1 ) 3
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     
     









. (26 - 1)









,    ～
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1
( ) ( )
1 13
1 1
( 1 ) ( ) ( )
1 1 13
1 1
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12
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 (P ) (P ) (P )
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C C
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C m C m
E h
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    

    
m1β m1β
m1 β m1 β
m1 β m1 β




(b) plate - 3 96
   (c) x y
x x y y
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1 1 1
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m1 β m1 β
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(b) . (32 - 5)
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1 1 13
1 1
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        
  
 







(m4) (m4) (m4) (m3)
4 β m1 β m1 β
m β m1 β m1 β
M














                                                
. (52 - 3)e q
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x y x yi i u u






       
            
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